week's duration. Physical examination revealed pale mucous membranes, splenomegaly, tenderness in the cranial abdomen, and enlargement of both tonsils and one axillary lymph node. A fecal examination was negative for parasites; however, blood was observed in the stool. Hematologic evaluation was unremarkable except for a mild, normochromic, normocytic, nonregenerative anemia (PCV 36%; mean corpuscular volume, 71 fl). Serum biochemistry abnormalities (Table 1) included mild elevations in amylase (2,860 U/liter), lipase (537 U/liter), alanine transferase (ALT; 75 U/liter) and alkaline phosphatase (ALP; 118 U/liter). The animal experienced a transient improvement in appetite and attitude with administration of amoxicillin a (11 mg/kg, PO, q12h), however, it became increasingly depressed and was reevaluated 9 days later. Clinical findings at this time included a painful, swollen, cranial abdomen, hepatomegaly, and splenomegaly. A recheck of the complete blood cell count (CBC) and serum biochemistries revealed a similar anemia (Table 1) , mild leukocytosis (17,700 cells/ul), and mild increases in ALT (149 U/liter), ALP (221 U/liter), and aspartate aminotransferase (AST 173 U/liter). A voided urine sample was grossly icteric, and a urinalysis revealed a specific gravity of 1.040, pH 6.5, 4ϩ proteinuria, 3ϩ bilirubinuria, and mild hematu- ria. Intravenous fluid therapy was initiated and cephalexin b (22 mg/kg, PO, q12h) was administered. Abdominal radiographs and ultrasonograms confirmed the presence of hepatomegaly and splenomegaly, as well as marked enlargement of the mesenteric lymph nodes (2-5 cm in length). Lymphoma was the presumptive diagnosis, and the dog was euthanatized several days later because of its rapidly deteriorating condition. A partial necropsy was performed, and specimens of liver, spleen, mesenteric lymph node, and small intestine were submitted for histologic evaluation. Examination of the liver revealed multifocal, discrete aggregates of large, foamy macrophages replacing up to 50% of the hepatic parenchyma ( Fig. 1 ). Variably sized infiltrates of similar macrophages, occasionally admixed with lesser numbers of lymphocytes, were present throughout the spleen, thickening the lamina propria and submucosa of the small intestine and replacing more than 90% of the mesenteric lymph node architecture. Periodic acid-Schiff (PAS) and acid-fast (Ziehl-Nielsen) stains demonstrated high numbers of moderately PAS-positive, strongly acid-fast intracytoplasmic bacilli within macrophages ( Fig. 2) . Although no cultures were taken at necropsy, a polymerase chain reaction and subsequent hybridization of the amplified product using a DNA probe on formalin-fixed tissue from the liver identified Mycobacterium avium (Division of Microbiology, Department of Infectious and Parasitic Diseases, AFIP, Washington, DC).
Approximately 2 months later, a female littermate to dog 1 (dog 2) was examined at another veterinary hospital with clinical signs of weakness, lethargy, hematochezia, a mild submandibular lymphadenopathy, and shifting leg lameness. A fecal examination for intestinal parasites and a Lyme disease titer were both negative. Serum biochemistry abnormalities (Table 1) low serum iron (40 g/dl). The hemogram (Table 1) revealed a mild nonregenerative anemia (PCV 32%). Over the next 3 weeks, the dog's condition deteriorated, and a generalized peripheral lymphadenopathy became apparent. A CBC repeated at this time (Table 1 ) revealed a progressive anemia (PCV 27%), and leukocytosis with a left shift (22,900 cells/ l, 10% bands). Histologic evaluation of a submandibular lymph node biopsy revealed near total replacement of the normal architecture by granulomatous inflammation composed of closely packed, plump macrophages filled with acid-fast bacilli and scattered aggregates of lesser numbers of lymphocytes and plasma cells. A presumptive diagnosis of disseminated mycobacteriosis was made, and the dog was euthanatized because of the poor prognosis. Bacteriologic culture of the biopsied lymph node subsequently yielded Mycobacterium sp.
Necropsy findings on this animal included widespread, marked enlargement of superficial and mesenteric lymph nodes. Grossly, the enlarged lymph nodes were firm, with a pale, cream-colored appearance on cut surface. Similar pale nodules, 1-3 mm in diameter, were distributed multifocally in the spleen. Histopathologic examination demonstrated the previously described macrophage-rich granulomatous infiltrate in the spleen, small and large intestines, superficial and mesenteric lymph nodes, tonsil, liver, and bone marrow. Pyogranulomatous inflammation was infrequently present in affected tissues. Cultures of lymph node, spleen, and liver taken at necropsy grew acid-fast organisms which were identified as M. avium by DNA probe hybridization.
Approximately 1 year later, a 3-year-old castrated male littermate to dogs 1 and 2 (dog 3) was presented for vomiting, marked depression, diarrhea, and hematochezia. Physical examination revealed pale mucous membranes and enlargement of both tonsils and several superficial lymph nodes. Clinicopathologic abnormalities (Table 1) included a neutrophilic leukocytosis with left shift (49,000 cells/ul, 87% neutrophils, 5% bands) and anemia (PCV 34%). Serum biochemistry tests were unremarkable. Although the total serum protein level was within normal range, serum protein electrophoresis revealed a decreased albumin : globulin ratio (A/G; 0.46) due to an increased alpha globulin fraction (alpha globulins 2.06 g/dl) and mild hypoalbuminemia (2.13 g/dl) ( Table 1 ). Histologic examination of biopsies taken from a tonsil and prescapular lymph node demonstrated a diffuse granulomatous tonsillitis and lymphadenitis with abundant intracellular acid-fast bacilli. A preliminary diagnosis of disseminated mycobacteriosis was made. The dog's condition continued to deteriorate, and the owners elected to euthanatize the animal. Necropsy findings in dog 3 were similar to those reported for dogs 1 and 2. Histologically, severe granulomatous inflammation was present in all examined lymph nodes and multifocally in the gastrointestinal tract, bone marrow, spleen, and liver. The inflammation was similar to that described in dogs 1 and 2; however, in addition, high numbers of large multinucleated giant cells were noted in affected lymph nodes (Fig. 3) . Necrosis was not a prominent feature in any tissue. Bacteriologic culture of specimens from lymph node and spleen yielded M. avium.
Due to the suspicion that an immunologic defect might exist in these littermates, blood was collected for evaluation prior to euthanasia of dog 3. Immunophenotyping of peripheral blood lymphocytes by flow cytometry revealed a normal representation of T cells and normal CD4 ϩ : CD8 ϩ T-cell ratio, but a relative and absolute increase in B cells (K. Reimann, New England Regional Primate Research Center, Harvard Medical School, Southborough MA. Antibodies provided by P. Moore, Department of Pathology, School of Veterinary Medicine, Davis, CA). There was a 2-3-fold increase above the normal ratio of B lymphocytes to T lymphocytes. Mitogen stimulation tests revealed a severely depressed T-lymphocyte response and a moderately depressed B-lymphocyte response as compared with normal controls (Research Immunohematology and Serology Laboratory, Immunohematological Reference Center, Michigan State University, East Lansing, MI). Macrophage function was not assessed.
In this report, disseminated M. avium infection was diagnosed in 3 miniature schnauzer littermates. When last evaluated, the 2 surviving dogs from this litter were asymptomatic and, to our knowledge, not infected. In all 3 of the affected littermates, the course of disease was fairly rapid after the onset of clinical signs. Since the source of exposure was never determined, it is not known how long these dogs had been infected. Although it is possible that all 3 dogs were infected by exposure to a single source, it was consid-ered unlikely, because prior to the diagnosis of M. avium in each, the dogs had lived apart from each other for varying periods of time (up to 2.5 years in the case of dog 3).
Mycobacterial infections are uncommon in dogs. 9 Dogs are reportedly more susceptible to infection with M. tuberculosis and M. bovis, 2, 5 and relatively resistant to mycobacteria belonging to the Mycobacterium avium complex (MAC), previously known as M. avium-M. intracellulare 1, 3, 5 Attempts to experimentally infect dogs by feeding them large numbers of M. avium organisms have demonstrated that healthy dogs have considerable innate resistance to infection from oral exposure. 3 Still, there have been sporadic reports in recent years of dogs infected with MAC and other nontuberculous or atypical mycobacterial strains. 1, [4] [5] [6] [7] 11, 12 Interestingly, a similar case of disseminated M. avium infection was recently diagnosed in a 2-year-old female miniature schnauzer. 10 There is evidence that a genetic predisposition to MAC infections may exist in basset hounds and Siamese cats. 1, 8 The same may be true in miniature schnauzers.
To our knowledge, this manuscript is the first to report systemic M. avium infection in a group of related miniature schnauzers. Although a cause for immunosuppression in these littermates was not identified, it was not attributable to alterations in the CD4 ϩ : CD8 ϩ T-lymphocyte ratio or to decreased numbers of T lymphocytes. Identification of similar cases in the future may provide the opportunity for a more comprehensive study of this disease. normal; however, such affected cells can interfere with virus growth and replication 8 and thus create misleading results. Monitoring cell cultures for early detection of ncBVDV contamination is critical to ensure an effective quality assurance/ quality control program and to enhance a rapid turnaround of clinical results.
Cell cultures can be contaminated with ncBVDV if the bovine fetal or calf serum, a necessary component of cell culture media, 5, 6, 7, 9, 10 contains ncBVDV. Contamination with ncBVDV can also occur in a laboratory by the careless handling of clinical specimens infected with BVDV. Other sources of BVDV contamination include aerosol contact, contamination of stock viruses 6, 7 or cross-contamination with
